In response to concerns about water availability and limited geohydrologic information, Federal legislation (Section 131 of the Lincoln County Conservation, Recreation, and Development Act of 2004; PL 108-424) was enacted in December 2004 that directs the Secretary of the Interior, through the U.S. Geological Survey (USGS), the Desert Research Institute (DRI), and a designee from the State of Utah, to complete a water-resources study of the basin-fill and carbonate-rock aquifers in White Pine County, Nevada, and smaller areas of adjacent counties in Nevada and Utah. The primary objectives of the Basin and Range carbonate-rock aquifer system (BARCAS) study are to evaluate: (1) the extent, thickness, and hydrologic properties of aquifers, (2) the volume and quality of water stored in aquifers, (3) subsurface geologic structures controlling ground-water flow, (4) ground-water flow direction and gradients, and (5) the distribution and rates of recharge and ground-water discharge. Geologic, hydrologic, and supplemental geochemical information will be integrated to determine basin and regional ground-water budgets.
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Introduction
The Basin and Range carbonate-rock aquifer system (BARCAS) study area encompasses about 13,500 mi 2 and covers about 80 percent of White Pine County, and parts of Elko, Eureka, Nye, and Lincoln Counties in Nevada, as well as parts of Tooele, Millard, Beaver, Juab, and Iron Counties in Utah ( fig. 1 ). White Pine County is within the carbonate-rock province, a relatively large area extending from western Utah to eastern California where ground-water flow is predominantly or strongly influenced by carbonaterock aquifers. Much of the carbonate-rock aquifer is fractured and, where continuous, forms a regional ground-water flow system that receives recharge from high-altitude areas where fractured carbonate rocks are exposed. Most areas in White Pine County, Nevada, are within four regional ground-water flow systems ( fig. 2 )-the larger Colorado and Great Salt Lake Desert flow systems, and the smaller Goshute Valley and Newark Valley flow systems (Harrill and others, 1988) . Water moving through the carbonate-rock aquifer provides some recharge to overlying basin-fill aquifers, sustains many of the large, perennial low-altitude springs, and hydraulically connects similar carbonate-rock aquifers in adjacent basins. The regional carbonate-rock aquifer typically is overlain by a basin-fill aquifer in the intermountain basins. The basin-fill aquifer is composed of gravel, sand, silt, and clay and often reaches thicknesses of several thousand feet (Harrill and Prudic, 1998) . The gravel and sand deposits typically yield water readily to wells and this aquifer is the primary water supply in the area for agricultural, domestic, or municipal use.
The carbonate-rock aquifer extends beneath numerous surface-water drainage basins, or hydrographic areas 1 . Past studies have combined hydrographic areas to delineate basinfill or regional ground-water flow systems, based primarily on the direction of interconnected ground-water flow in the 1 Formal hydrographic areas in Nevada were delineated systematically by the U.S. Geological Survey and Nevada Division of Water Resources in the late 1960s (Cardinalli and others, 1968; Rush, 1968) for scientific and administrative purposes. The official hydrographic-area names, numbers, and geographic boundaries continue to be used in U.S. Geological Survey scientific reports and Division of Water Resources administrative activities. Figure 1 . Carbonate-rock province, the Basin and Range carbonate-rock aquifer system study area, and associated regional ground-water flow systems, Nevada and Utah. Mapping Evapotranspiration Units, Basin and Range Carbonate-Rock Aquifer System, Nevada and Utah underlying carbonate-rock aquifer and the location of terminal discharge areas (Harrill and Prudic, 1998) . Although the boundary lines between hydrographic areas generally coincide with actual topographic basin divides, some boundaries are arbitrary or represent hydrologic divisions that have no topographic basis. Hydrographic areas were further divided into subbasins that are separated by areas where pre-Cenozoic rocks are at or near the land surface (Welch and Bright, 2007) . Hydrographic area names in this report generally refer to formal hydrographic areas of Harrill and others (1988) with two exceptions: (1) 'Little Smoky Valley' refers to hydrographic areas 155A and 155B, which are the northern and central parts of Harrill and others (1988) description of Little Smoky Valley, respectively, and (2) 'Butte Valley' refers only to hydrographic area 178B, which is the southern part of Harrill and others (1988) description of Butte Valley. For most figures and tables in this report, water-budget components were estimated for the northern and central parts of Little Smoky Valley, but were combined and reported as one value.
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Estimates of ground-water discharge are crucial in developing water budgets that accurately represent the components of the region's ground-water flow system. Although early reconnaissance studies provide general estimates of regional ground-water discharge from many of the major hydrographic areas of the BARCAS study area, the methodologies and techniques applied often differed among the investigations. Developing a defensible water budget for the study area requires that a thorough and more consistent approach be used to estimate ground-water discharge from the region's major discharge areas.
Ground-water discharge in the semi-arid southwestern U.S. often is estimated by partitioning total evapotranspiration into ground-and surface-water components (Laczniak and others, 1999) . Evapotranspiration is a process by which water from the Earth's surface is transferred to the atmosphere. Water loss to the atmosphere occurs both as evaporation from open water and soil and as transpiration by plants. Together these two processes are referred to as evapotranspiration or ET, and are the primary mechanisms removing ground water from the soil and shallow water table. As more water is removed by ET, the water table declines, soils dry, and the vigor of the local vegetation decreases. Conversely, as less water is removed, the water table rises, soils moisten, and the vigor of the local vegetation increases. Changes in ET, the depth to the water table, and the extent and vigor of vegetation all are indicators of changes in ground-water availability.
The annual volume of water lost to the atmosphere by ET can be computed as the product of the mean annual rate of ET and the acreage of vegetation, open water, and moist soil contributing to ET. With this volumetric calculation, mean annual ET can be computed for areas of likely ground-water discharge. The specific procedure groups areas of similar vegetation and soil conditions into unique ET units, assigns an average annual ET rate to each unit, and computes annual ET from each ET unit within potential areas of ground-water discharge. Mean annual ET estimates for each ET unit are computed by multiplying the unit's acreage by an appropriate ET rate for the unit's vegetation, water, and soil conditions. During the study, six ET stations were established in Spring, Snake, and White River Valleys ( fig. 2) . Each of these stations was operated for a period of about 1 year (Moreo and others, 2007) . Data collected at these six stations were used to help identify ET units and refine estimates of the annual ET rate for the different vegetation, soil, and moisture conditions observed throughout the study area.
Purpose and Scope
The purpose of this report is to describe the method used to identify and delineate ET units in the study area and to document and release the ET unit and the potential areas of ground-water discharge data sets developed for this study. Data can be accessed at http://water.usgs.gov/lookup/ getspatial?sir2007-5087_etunit and http://water.usgs.gov/ lookup/getspatial?sir2007-5087_potgwdischarge. The data sets and procedures used to delineate ET units and their spatial distribution also are described in this report. The ET-unit map described and documented in this report was used specifically to calculate annual ET from potential areas of ground-water discharge. ET calculated from the ET-unit map was then partitioned into surface-water and ground-water components to estimate ground-water discharge from hydrographic areas and hydrographic-area subbasins in the study area and reported in the BARCAS summary report (Welch and Bright, 2007 E g a n E g a n R a n g e Range 
Evapotranspiration-Unit Map
Past studies have used Landsat imagery to identify and delineate evapotranspiration units in areas of ground-water discharge throughout arid and semi-arid regions of the Great Basin (Laczniak and others, 1999; Laczniak and others, 2001; Reiner and others, 2002) . ET units are defined as areas of similar vegetation type and density and similar soil characteristics where ground water potentially is being lost to the atmosphere by evaporation or through plant transpiration (Laczniak and others, 1999 (Laczniak and others, , 2001 (Laczniak and others, , 2006 . In general, the more dense and healthy the vegetation and the wetter the soil, the greater is the ET. The characteristics of each ET unit differ throughout the study area and range from areas of no vegetation, such as open water, dry playa, and moist bare soil; to areas of denser vegetation dominated by phreatophytic shrubs, grasses, rushes, and reeds.
Another approach used in the Great Basin region to identify and delineate ET units from Landsat imagery is described in Nichols (2001) . In this approach, the change in vegetation and soil conditions are assumed to correlate directly with the Modified Soil Adjusted Vegetation Index (MSAVI) calculated from Landsat data. Nichols has applied this approach to many hydrologic areas in the study area.
A Multi-Resolution Land Characteristics consortium was formed in 1999 to purchase three dates of Landsat satellite imagery for the entire United States and to coordinate the production of a comprehensive National Land Cover Database (NLCD) (Homer and others, 2004) for the Nation. The development of the methodology used to spatially discriminate land covers was carefully planned to offer users a full range of flexible applications. The NLCD was considered for this study but was not yet available for the Great Basin.
Southwest Regional Gap Analysis Program (SWReGAP) recently completed land cover maps for five southwestern States (Kepner and others, 2005 ) that includes Nevada and Utah. SWReGAP is a multi-institutional cooperative effort coordinated by the Gap Analysis Program. The NLCD for the Great Basin combined mapping efforts within the U.S. Geological Survey (USGS) by synergistic mapping with the Gap Analysis Program. Provisional SWReGAP data sets were made available in October 2005 and were used to aid in the mapping of ET units in the study area.
ET units were delineated in potential areas of groundwater discharge by using selected SWReGAP land classes, identification of irrigated croplands for multiple Landsat dates, and MSAVI and Tasseled Cap results from recent Landsat satellite data. Ten ET units were identified as being representative of the different vegetation and soil conditions in the area from which ground water is lost to the atmosphere through ET and are described in table 1. Units delineated were inclusive of irrigated crops and phreatophytic vegetation. Three distinct shrubland ET units were delineated because of the dominance of this vegetation type throughout the study area. ET calculated from the ET-unit map was then partitioned into surface-water and ground-water components to estimate ground-water discharge from hydrographic areas and hydrographic-area subbasins and reported in the BARCAS summary report (Welch and Bright, 2007) .
Potential Areas of Ground-Water Discharge
Studies to measure or estimate the amount of ground water used by phreatophytes in the Great Basin region began in 1910 with a study of ET by saltgrass (Discichlis spicata) (Lee, 1912) . Over the following years, investigators began studying other phreatophytic vegetation of the Great Basin including greasewood (Sarcobatus vermiculatus), rabbittbrush (Chrysothamnus nauseous), and other less common shrubs (White, 1932) . The methodologies developed during these studies provided the framework for a series of reconnaissance studies within Nevada that began in 1945 and continued into the 1970s. The reconnaissance studies were part of a cooperative program between the State of Nevada and the USGS to determine the quantity, quality, and distribution of the water resources in the State. The reconnaissance studies nearly always mapped the distribution of phreatophytes and their densities by using standard field techniques as part of an effort to estimate ET. Initially, the phreatophyte extents were mapped from 1:250,000-scale maps, and later from 1:62,500-scale maps (Patrick A. Glancy, U.S. Geological Survey, oral commun., 2006). Harrill and others (1988) compiled maps of areas where shallow ground water is consumed by ET for the Great Basin part of Nevada. These maps have been used extensively to define the general extent of ground-water discharge areas and were used by these investigators in an effort to delineate major ground-water flow systems in the Great Basin region of Nevada, Utah, and adjacent States. The delineated areas where shallow ground water is consumed by ET that were evaluated by Harrill and others (1988) in the study area were mapped primarily by using the early reconnaissance studies. Discharge area boundaries were scaled photographically to a 1:750,000-scale map (James R. Harrill, U.S. Geological Survey, oral commun., 2006) and recently have been digitized and stored in a geographic information system (GIS) as part of this study.
Evapotranspiration-Unit Map
Mapping Evapotranspiration Units, Basin and Range Carbonate-Rock Aquifer System, Nevada and Utah Nichols (2001) mapped areas of ground-water discharge based on the outer boundary of phreatophytes. Nichols mapped these boundaries by using basic reconnaissance-type field methods. His mapping generally was done in early to mid-summer when contrast in the color of greasewood and other rangeland vegetation is high. Control points along roads or trails typically were established by using Global Positioning System (GPS) equipment. Satellite data, aerial photography, and elevation models were used along with these established control points to map the complete phreatophyte boundary at a scale of 1:24,000. This general mapping technique also was used by Laczniak and others (2001) in developing groundwater discharge estimates for the Death Valley regional ground-water flow system. Digital maps delineating the outer boundary of phreatophyte areas throughout central Nevada developed by Nichols (2001) are available in Smith and others (1999) and were acquired for this study.
The Southern Nevada Water Authority (SNWA) mapped areas of ground-water discharge in selected hydrographic areas of eastern Nevada in 2004 (Michael Wallen, Southern Nevada Water Authority, oral commun., 2006). Boundaries previously mapped by Nichols (2001) and aerial photography and other available GIS data were used to guide field and mapping efforts. These boundaries were acquired by the USGS for use in this study.
The boundaries established by Harrill and others (1988) , Nichols (2001) , and the SNWA all were used to guide field activities and mapping efforts directed at delineating potential areas of ground-water discharge in the study area. The boundaries mapped by these previous investigations were integrated and compared. Identified discrepancies were resolved by field verification efforts conducted in mid-July 2005. The final boundary identifies the outer extent where shallow ground water may be consumed by ET. The area within this boundary is referred to as a potential area of ground-water discharge and the area outside the boundary is assumed to be an area of no ground-water discharge. The potential area of ground-water discharge within a hydrographic area can be a single area delineated by one continuous boundary or can be multiple areas. The size and number of these areas within a hydrographic area is independent of valley size.
Many of the valleys in the study area are large and often difficult to visit because accessible roads and trails are lacking. A helicopter survey was used to map phreatophyte boundaries in selected valleys during a 2-day period in June 2005. The helicopter was equipped with GPS equipment to record flightpath coordinates. The helicopter flew at an altitude of about 100 ft above land surface and at a speed of about 80 mi/h. Mapping of phreatophytes such as greasewood at this time of year from the air is straightforward, considering the greenness of greasewood compared to the many nonphreatophytic species present in the area. A video clip (clip 1) of a flight through Snake Valley illustrates the contrast and visibility of greasewood in a discharge area typical of the study area. The video clip begins with the helicopter flying northward with the greasewood shrubs on the right and the rangeland grasses on the left. Near the end of the clip the helicopter follows the greasewood boundary by making a left turn. The potential areas of ground-water discharge used to calculate ET in the study were developed by combining and integrating phreatophyte boundaries delineated in previous studies, numerous field mapping efforts, and the phreatophyte extents mapped by the helicopter survey. Potential areas of groundwater discharge as mapped for the study are shown in figure 3 . Specific data sources used to delineate the potential areas of ground-water discharge within each hydrographic area are reported in table 2.
Delineation of Evapotranspiration Units
An ET-unit map was created by using data from SWReGAP ecological systems, interpreted Landsat data from multiple dates, and Landsat MSAVI and Tasseled Cap products. An explanation of the data used, the processing techniques, and a field accuracy assessment are described in the following section.
Southwest Regional Gap Analysis Program
The SWReGAP identifies 125 land-cover classes referred to as ecological systems. An ecological system is a mid-scale classification unit defined by NatureServe http:// www.natureserve.org/publications/usEcologicalsystems.jsp. Ecological systems represent recurring groups of biological communities that exist in similar physical environments. Selected classes of the SWReGAP that conform with characteristics of defined ET units were used in developing ET-unit distributions. The ET units defined by SWReGAP classes are marshlands, dry playa, and open water bodies. The mapping of these SWReGAP classes relied on multiple date imagery over a season and is consistent with the NLCD. Other ecological systems also were evaluated as to whether they adequately represented the extent of other ET units. Other evaluated systems included mixed salt desert scrub, greasewood flat, and big sagebrush shrubland. Field observations indicated that these ecological systems did not correlate well with ET units and tended to map an area larger than the outer extent of potential areas of ground-water discharge. 
Landsat Thematic Mapper Imagery
Landsat Thematic Mapper imagery was used to delineate ET units in the study area. Landsat satellites orbit the Earth such that they acquire data over the same area at the same time every 16 days. These Earth-orbiting satellites are equipped with sensors to detect and acquire solar-reflected and earthemitted radiation. Spectral reflectance, as acquired by Landsat sensors, represents an average value over a pixel (picture element) that measures about 100 ft by 100 ft. These pixel dimensions define the spatial resolution of the imagery.
Landsat data are available as scenes that image an area measuring about 115 mi by 115 mi. Each scene is defined by a path and row number. Multi-scene units are defined as consecutive scenes (rows) within a single path acquired and archived on the same date. Two multi-scene units were acquired to delineate ET units in the study area: (1) entity-id lt5039032000019419 inclusive of scenes acquired July 12, 2005, along path 39 at rows 32, 33 and 34; and (2) entity-id lt5040032000018400 inclusive of scenes acquired July 3, 2005, along path 40 at rows 32, 33, and 34. These scenes were selected because they met the criteria required to best delineate ET units. Scenes were contemporary with other ongoing field and data-collection activities being conducted as part of the study. Experience based on recently completed ET studies indicates that the optimum acquisition dates for delineating ET units in the study area fall between late June and early July-June 21 being the day with the longest daylight hours (a period of peak solar radiation), and early July, the approximate period when transpiration by phreatophytes is near its peak. Another factor considered in image selection is the potential influence of any recent precipitation. Snowpack telemetry (SNOTEL) sites operated by the Natural Resources Conservation Service were reviewed at Ward Mountain, located south of Ely and Berry Creek, just east of Ely ( fig. 2) . On the basis of data collected from these telemetry sites, no significant precipitation had occurred since June 21, and therefore, vegetative conditions captured in these images are assumed not to be influenced by local precipitation.
All acquired imagery was georeferenced to allow geospatial evaluations and direct comparison with other spatially referenced datasets. Georeferencing assigns map coordinates to an image by using known ground control points and the corresponding image row and column. A mathematical transformation equation is determined to relate the image to map coordinates (Lillesand and Kiefer, 1987) . Previously georeferenced Landsat imagery by the USGS that was acquired in 2000 was used in the georeferencing process. Corrections to georeference the 2005 images were applied by using a first-order polynomial equation. Each 2005 multiscene image used between 30 and 35 control points. The root mean square error or positional accuracy for each multi-path image was about 100 ft.
Image standardization is the process of normalizing imaged spectral data for differences in sun illumination geometry, atmospheric effects, and instrument calibration. Standardization is required to accurately compare pixel spectral reflectance between images of different dates. Pixel values in each image were standardized by using software developed and distributed by the Remote Sensing and GIS Laboratory of Utah State University http://www.gis.usu. edu/docs/projects/swgap/ImageStandardization.htm. For atmospheric corrections, the technique COST without Tau was used. The interested reader is directed to Huang and others (2007) for more detail on the normalization procedure.
Recently Irrigated Cropland
Recently irrigated cropland was delineated for the study area by Welborn and Moreo (2007) . These investigators digitized cropland areas by using Landsat imagery from 2000, 2002, and 2005 . Digitized field delineations were stored as polygons in an ArcGIS geodatabase and attributed with information including water source, method of application, and crop type. Each digitized field was field checked and verified during the summer of 2005. (Qi and others, 1994 ) and a Tasseled Cap transformation (Huang and others, 2002 ) from normalized Landsat data. A vegetation index is a number that is generated by the combination of remote sensing bands and has some relation to the amount of vegetation in a given pixel. The MSAVI is an index which removes soil influences from the vegetation index at sparse plant cover. Because sparsely vegetated conditions are most important in the Great Basin, the MSAVI is considered an appropriate index from which to map changes in plant cover. The Tasseled Cap transformation is being used to develop land-cover classes for the NLCD. The Tasseled Cap transformation compresses all the satellite spectral bands into a few bands associated with physical scene characteristics of brightness, greenness, and wetness. Brightness is a weighted sum of all Landsat reflectance bands, which is a response to changes in total reflectance, driven primarily by soil reflectance changes. Greenness contrasts the sum of the visible and near-infrared bands and has been shown to correlated to percentage canopy coverage. Wetness contrasts the sum of the visible and near-infrared bands against the sum of the longer wavelength bands (Crist and Cicone, 1984) .
The MSAVI was used to map phreatophytic shrubs and grasses in the potential areas of ground-water discharge. Vegetation indices have been used often to quantify the abundance and vigor of vegetation imaged by multispectral sensors (U.S. Geological Survey EROS Data Center, 2006). The use of vegetation indices to map vegetation cover is based on the assumption that the greener and denser the vegetation, the greater the vegetation index. Nichols (2001) takes advantage of this relation and uses the MSAVI to quantify the amount of ground water lost to the atmosphere by ET. In applying this approach, Nichols assumes that ground-water ET is a function of ET, and that ET is a function of plant cover. Nichols (2001, p. B8) uses MSAVI to develop ranges in plant cover and describes the type or types of vegetation occurring in each defined plant-cover range. In general, shrubs dominate where plant cover is less than 35 percent and grasses dominate where plant cover is greater than 35 percent. Xerophyte conditions, areas where phreatophytes are absent and bare soil dominates, exist where plant cover is less than about 7 percent. These general relations between percentage of cover and plant type also were observed in the study area during field visits. ET units were defined by using breaks in MSAVI values to correlate with boundaries between xerophyte areas (no substantial ground-water discharge) and phreatophyte areas dominated by sparse desert shrubland, moderately dense desert shrubland, dense desert shrubland, grassland, or meadowland. The Tasseled Cap brightness, greenness, and wetness bands were used to map areas of moist bare soil. An unsupervised classification based on these three bands was applied to the data set. Unsupervised classification clusters pixels in a data set according to statistics only, without any user-defined training classes. The user then identifies clusters that relate to what is being mapped. Yelland Dry Lake in northern Spring Valley and an area around Twin Springs in northern Snake Valley ( fig. 2 ) were used to identify the moist bare soil. These areas of moist bare soil are intended to represent locations where moisture is present throughout much of the year and where the depth to ground water is shallow.
The Tasseled Cap band of greenness also was considered in mapping shrubs and grasses. The SNWA established shrub transects in different hydrographic areas of the study area. These shrub transects defined the occurrence of shrubs over a 328-foot linear length of vegetation. Forty-five of these were used to define the percentage of plant cover. Values of the Tasseled Cap greenness and MSAVI at each transect were compared to the percentage of plant cover. The MSAVI showed a slightly higher correlation than the Tasseled Cap (fig. 4) . The correlation of the MSAVI and the Tasseled Cap greenness with the percent plant cover is similar, but the MSAVI correlates better with the lower percentage of plant cover. The MSAVI was chosen to map the ET units representing shrubs and grasses.
Assembly and Distribution of Evapotranspiration Units
A map presenting the spatial distribution of ET units was developed by using units defined by the MSAVI and Tasseled Cap analysis, the delineation of recently irrigated cropland, and the data of SWReGAP products. A single ET-unit map was created from ET units developed by each of these different data sets by layering the data according to priorities. The initial ET-unit map was assembled by first using the MSAVI data set. The moist bare soil ET unit, derived by the Tasseled Cap procedure, replaced the MSAVI data wherever moist bare soil occurred. The ET units of marshland, open water, and dry playa, derived from the SWReGAP data, replaced the previous MSAVI and Tasseled Cap data wherever those ET units occurred. Finally, the recently irrigated cropland, derived from photo interpretation of the three Landsat data sets, replaced ET units from the other data sets wherever recently irrigated cropland occurred. The ET units and the source of their information are summarized in table 3. A filtering technique was applied to all ET units except those representing recently irrigated cropland and those developed from SWReGAP. The filtering technique added and removed pixels on the basis of a minimum mapping unit. The size of the minimum mapping unit depends on the scale and resolution of the spectral data set being used to delineate land cover (Anderson and others, 1976) and on the intended use of the map product. The processing of SWReGAP by the Gap Analysis Program included a minimum mapping unit filter that was set to 1.1 acres as described in the SWReGAP for Nevada, Utah, New Mexico, Colorado, and Arizona Project Status (U.S. Environmental Protection Agency, 2007). The procedure is described in section, "Mapping Methods and Accuracy" of the Southeast Idaho Mapping Zone Documentation (U.S. Geological Survey, 2007a). This same procedure and criteria were used to filter the ET units defined by the MSAVI and Tasseled Cap. The minimum mapping unit was set at four adjacent pixels which measure about 35,000 ft 2 or 0.8 acre in the source imagery. An area of this size provides sufficient resolution within the fetch areas of ET stations established as part of the study (Moreo and others, 2007) . The ET units as mapped within the delineated potential areas of ground-water discharge by using the filtering technique and the methods and priorities previously discussed are shown in figure 5 .
The shrubland units are the most prominent ET unit in the study area ( fig. 6 ). The three shrubland ET units account for about 83 percent of the acreage delineated as potentially contributing to ground-water discharge. The more-densely vegetated meadowland and marshland ET units typically occur near springs and along major spring-drainage channels near the center of the valley floor, whereas the less-densely vegetated ET units typically occur along the outer edges of discharge areas ( fig. 5) . The more-densely vegetated ET units of marshland, meadow, and grassland account for only about 6 percent of the total delineated acreage, whereas, the least-vegetated units (dry playa, moist bare soil, sparse desert shrubland, moderately dense desert shrubland, and dense desert shrubland) account for about 91 percent. About 1,700 mi 2 are covered with phreatophytes or moist bare soil in the study area and potentially discharge ground water. The delineated acreage of each ET unit is shown by major hydrographic area in table 4.
ET-unit acreage also is provided in table 4 by subbasin. Subbasins are internal divisions within a hydrographic area. Major hydrographic areas in the study area were subdivided into these smaller internal units to help spatially resolve and refine the current understanding of interbasin flow. Subbasins are delineated such that their boundaries represent potential hydrologic divides within the larger hydrographic area and are based primarily on geophysical interpretations of gravity data and assumed properties of known subsurface rock (Sweetkind and others, 2007) . Subbasin boundaries commonly were delineated to coincide with interpreted intrabasin shallow bedrock. As presented in table 4, the subbasins within a hydrographic area are not named but identified numerically ( fig. 2) . The first subbasin in a hydrographic area is the northernmost area. If a hydrographic area is not divided into subbasins, it is identified as subbasin 1.
Evapotranspiration-Unit Field Accuracy
An assessment of the mapped accuracy of the ET units provides information to potential users about the maps reliability and usefulness as related to some intended purpose. Some needs require high-accuracy maps, whereas others may require much less spatial accuracy. Map quality and accuracy typically are assessed by using a probability based sampling design and relatively large number of samples per class or map unit. This type of assessment often is referred to as a map accuracy assessment. The quality of a map's assessed accuracy depends on the quality of the information used to ground truth or verify the map data. For the intended purpose of this map product, field-based ground-truth observations were considered sufficient to assess accuracy. A discussion of map accuracy, methods, and protocol can be found at U.S. Geological Survey (2007b).
Many different sources can introduce bias into an accuracy assessment. For example, bias can be introduced by sampling only along roads that provide easy access. The accuracy of a mapped ET unit can be affected by the nature of its boundary. For example, transitional boundaries are more difficult to locate, whereas boundaries defined by an abrupt change from one unit to the next are more easily detected. Because the ET-unit map has sharp and distinguished boundaries to delineate between different ET units, whereas in nature, different ET units transition spatially, an ET-unit map does not reflect this transitional nature. The ET-unit map rather provides estimates of acreages associated with generalized vegetation and/or soil-moisture conditions from which to make estimates of evapotranspiration.
Field assessment of the accuracy of the shrubland, grassland, meadowland and xerophyte ET units in Snake and Spring Valleys was done during August and September of 2006. In Snake Valley 28 field sites were visited and in Spring Valley 38 were visited. The guidelines used to direct field activities closely followed those described by the SWReGAP in the "Field Methodologies and Training Manual for Nevada Field Crews" document (U.S. Environmental Protection Agency, 2003). Base from U.S. Geological Survey digital data 1:100,000, 1978-89. Universal Transverse Mercator Projection, Zone 11, NAD 83. Shaded relief base from 1:250,000-scale Digital Elevation Model; sun illumination from northwest at 30 degrees above horizon.
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Ran ge E g a n Range The characterization of shrub-dominated environments requires an estimate of the approximate area of vegetation cover. Making this estimate whether by observation or by measurement can be difficult where plant vigor, dimensions, and spacing vary. To help guide this effort, field personnel viewed charts which have been used to estimate the percentage composition of rocks and sediments (Compton, 1962, p. 332-333) . With these charts, the black specs were considered to be shrubs in order to estimate the percentage of plant cover within the circle. Estimates of plant cover based on these charts are expected to be accurate to within about 5 percent.
A single evaluation of how well the field crew estimated vegetation cover by using the geology field charts was done near the Snake Valley ET Station. An estimate of the percentage of vegetation cover was made by performing an unsupervised classification (as explained in the "Modified Soil Adjusted Vegetation Index and Tasseled Cap Transformation" section of this report) from a photograph taken with a hand-held digital camera during the helicopter survey. The photographic image covered an area of about 50 by 40 ft with a spatial resolution of approximately 0.3 in. and is shown in figure 7A . An unsupervised classification of this photograph produced 32 different clusters. These clusters were combined into green plant leaf, leafless wood, soil, and shadow groups. This was done by identifying those clusters that were green colors on the photograph which represented green vegetation, for example. This also was done for the various soil colors, dark shadows, and leafless wood. The resulting percentage of each group was 13.1 for green plant leaf, 4.8 for leafless wood, 60.2 for soil, and 21.9 for shadows ( fig. 7B ). Some shadowed area is likely to include active greasewood. Nongreen leafed wood is not considered shrub cover in that it does not contribute to ET and is not characterized as vegetation by vegetation indexes computed from remotely sensed spectral data. Assuming that about one tenth of the shadowed area is active vegetation, shrub cover for this area is estimated at about 15 percent. This estimate was consistent with the 10-to 20-percent moderately dense desert shrubland estimated by field observation at this site using the geology field charts to estimate percentage of vegetation cover (Moreo and others, 2007, table 3, p. 13) .
Map accuracy can be expressed as overall accuracy, producer accuracy, and user accuracy. To determine map accuracies for this study, the ET unit identified from the field observations was compared to the ET unit of the map. Overall accuracy is the most general measure and is calculated as the number of correct observations divided by the total number of observations. This does not mean that every ET unit was successfully classified at that accuracy. The producer's accuracy relates to the probability that a field visited ET unit will be correctly mapped on the ET-unit map and measures the errors of omission. In contrast, the user's accuracy indicates the probability that a sample from the ET-unit map actually matches what is found at the field visited sites and measures the error of commission (U.S. Geological Survey, 2007b). Accuracies for the SWReGAP ecological systems were computed qualitatively. A detailed description of these accuracies can be obtained from the SWReGAP 'PROVISIONAL' Landcover and Related Datasets document (Southwest Regional Gap Analysis Project, 2007a) . Accuracies are presented as summaries that are brief descriptions provided by the teams involved in the mapping process. Summaries are intended to provide an evaluation on how well each class was mapped from the perspective of the land-cover mapping analyst, taking into consideration the number of training and reference samples in the observation sample set for the cover class and the team's knowledge and familiarity with the mapping area. Two SWReGAP mapping zones, NV-4 and UT-1, are present in the study area. The qualitative summaries describing the accuracy of ecological systems representing open water, marshland, and dry playa ET units mapped in zones NV-4 and UT-1 are briefly summarized in table 5. The overall accuracy of the SWReGAP for all ecosystems in NV-4 and UT-1 is reported to be 53 and 59 percent, respectively (Southwest Regional Gap Analysis Project, 2007b). Table 5 also provides qualitative summaries for the desert shrubland, grassland, and meadowland ET units mapped as part of the study and based on field work described in the previous paragraph. Moist bare soil Only Yelland Dry Lake was visited. At the time of the visit, conditions were extremely dry. The playa is known to be persistently moist and the depth to ground water ranges from about 4 to 10 feet (Todd Mihevc, Desert Research Institute, oral commun., 2006 The overall accuracy of the ET units delineated from the MSAVI and Tasseled Cap procedures was 72 percent. In general, a number of errors occurred between ET units of one density with an ET unit of the next higher or lower density. For example, an area in the field of sparse desert shrubland was classified as moderately dense desert shrubland. This error can occur because of the difficulty to measure the percentage of vegetation cover. Another example of error is an area that in the field was observed to be sparse desert shrubland was mapped as the ET unit grassland. This probably was the result of an annual plant that was alive during the satellite overpass in the summer, but dormant during the field sampling. A more-accurate map describing the spatial distribution of desert shrub and grass ET units could be developed by using Landsat imagery acquired at different dates within a year and imagery acquired during different years.
Summary
The purpose of this report is to document the ET-unit map used to delineate areas of vegetation, open water, and moist soil that contribute to ET in the study area. This data set is referred as an ET-unit map.
The data sets used to develop the ET-unit map are based on Landsat satellite data. The SWReGAP program developed a five-state land cover map base on ecological systems. The ecological systems describing open water, marshlands, and dry playa were used to delineate those ET units. Landsat data were acquired for the dates of July 3 and 12 of 2005. To delineate ET units of shrubs and grasses, the Landsat data were used to produce the MSAVI, an index that relates to the greenness and density of plant growth. The ET units of meadowland, grassland, dense desert shrubland, moderately dense desert shrubland, and sparse desert shrubland were delineated. The 2005 imagery also was used to produce the Tasseled Cap transformation. The brightness, greenness, and moisture bands were used to identify ET units of moist bare soil. The 2005 imagery, along with Landsat imagery from 2002 and 2000, was used to identify recently irrigated croplands by photo interpretation.
The final ET-unit map was assembled from the SWReGAP, MSAVI, Tasseled Cap datasets, the interpretations from Landsat imagery and field mapping. The recently irrigated cropland was used as is and had the highest priority. The SWReGAP classes also were used as is and had the second highest priority. The moist bare soil derived from the Tasseled Cap transformation was used and had the next priority. Finally, the ET units from the MSAVI were used at the lowest priority. The MSAVI and Tasseled Cap data sets were filtered such that the minimum mapping unit was about 0.8 acre. The SWReGAP data had a minimum mapping unit of 1.1 acre. The boundary of potential areas of ground-water discharge was used as a mask allowing only those areas within the boundary to be used in the final ET-unit map.
Phreatophytic, xerophytic, and recently irrigated cropland in the study area identified from the ET-unit map have been summarized. About 1,675 mi 2 in the study area are covered with phreatophytes or moist bare soil that potentially discharged ground water. This area does not include acreage of recently irrigated croplands. An accuracy assessment of the ET units was conducted by field visits to Snake and Spring Valleys and has been summarized. The accuracy of the shrubland ET units, accounting for about 83 percent of the potential ground-water discharge acreage, indicated that 67 to 100 percent of the field sites visited was mapped correctly. The ET-unit map developed used a consistent approach to delineate ET units throughout the study area. The ET-unit map also included selected classes from a national land cover data set.
